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The metallurgical processing of most ores and concontratoo ie attended by 
the presence of noxious or nuisance duste and gases that must be controlled to 
varying degrees depending on the toxicity of materials encountered. The refin- 
ing of uranium ores and concentrates into the metal ie typical in a general wq, 
Involving heavy metal dust, hydrogen fluoride, and oxides of nitrogen. To these. 
are added the unusual categories of radioactivity of radium during the early 
stages of the refining process, and radioactivity of the uranium ana its daughter 

,products throughout. Operations Involving these elements call. for control of air 
pollution, both within and outside of the operations area, to sn unusually high 
degree. Fortunately standard ventilation and dust control equilxnent can be 
adapted to the purpose. , 

Thie paper presents some of the problems and their solutions in the desi@ 
of control facilities for health protection in a large uranium producing plant 
operated for the Atomic Energy Commission. 

Design criteria called for maintaining an operations a&ospheric pollution 
level for radioactive dust not to exceed 70 disintegrations per minute per cubic 
meter of air (which for uranium ie equivalent to 20 micrograms per cubic meter). 
This figure served for dust control of uranium and aqy dusts associated xith it, 
inchdin& pitchblende duet with its radium content. .Uranium is an alpha-m 
emitter. Direct radiation from it ia unimportant, being stopped by almost any 
barrier, including the nom1 skin. However, inhaled or ingested into the bow 
where, it attains close proximity to tiseue It can do serious hams. UIX.TXl.Um 
slowly breaks down into daughter products, UX1 and UX2 which are beta-ray 
emitters. The beta ray8 encountered in this process are readily atoppad by thin 
glass or mtal so that hood or hopper may provide ample protection fran radiation. 

The radium in the pitchblendo ore and in the process reJedto is a garz.a ray 
source and constitutes the most serious direct radiation hazard in the proconB. 
Deeign criteria called for a maxlnum weekly expooure of 300 mr. of gazma ratia- 
ticm. Actual design was predicated on a tolorance of half this amount to all~v 
for inevitable short porlodo of high level exposure by operators oubJect to 
unusual duties. Radiun io alwayo accompani 

8 
d by Its tiJghtor product, radon gas, 

for which the deolep 
4 

rlterio limit was 10' curies per cubic meter of air (or 
appror3matol-y 7 x 1 part6 por mi,llion). 

Other contaminmtn wore to bo limited in accordence with currently accepted 
etandardo fur naximum allauablo concontrationo, 

. 
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RUEGRA!J!ION OF IZSIGN 

Tho project @?oup hnnbling tho induotrial hyglono phaooo atio bore tho ro- 
sponoibility for radiation protoctian and for tho gonoral hoattilg and vontilat- 
ing. of buSdingo, In ardor to coordlnato of'foctivoly all thcoo titorrolatod 
functiona. Thin group of opciallot onginooro produced complotoly intogrcltod 
&oQn td eatlofy tho roqulromonto for procoao, hoalth, and comfort In tho work- 
ing 0nGironmont. It lo not oop%iaUy portlnont to thla papor, but of gonoral 
2ntoroet aa to coordination of offort;, that tkio pro,joct group alao deolQlod (1) 
a modkal diopnoary complotoly oqulppod to do X-my work and mFnor ourgor~; (2) 
B "health-phyoico" laboratory, with instrument repair and calibration facilitioa, 
machino shop, dark room, and chemical lnboratory,'with aooociatod equipment; and 
(3) a docontamination room, furniohod with fixed a;nd portable equipment aultablo 
for troatmont of Burfacoo contaminated with radioactive matorialo; even a repair 
shop for contaminated shoe8 waa set up in this room. These features, along with 
apecificationn covering Issue clothing and shoeo, were dono in consultation with 
medical and health specialists of the Atomic Energy Cammiooion and Operating 
Contractore, who made available th.eir wealth of oxperienco. 

The design approach fox ventilation and duet control did not differ, except 
In dope, from uuual induatrialhygione mothod8. Thog bad to be adapted, a~ 

.necoosity dictated, to the intorposlng of radiation barriers and remote control, 
Tho method6 may be briefly listed a6 (1) leolation of procoes, (2) applica- * 

tion of local and/or gonoral exhaust ventilation, (3) highly efficient filtration 
of solide from collected air, and neutralization of acid vapora where appropriate, 
(4)'diaperslon of offluont gaoee by discharge' through hia stacks, (5) proviclon 
of adequate tamped make-up air to replace that exhausted, and (6) wet handline;, 
Although it is impossible to aeporate out oath entity for discusoion in it8 own 
right because of the general interrelatlonrlhip, an attempt is made in the re- 
maindor of thi6 cU.~cu~~ion to indicate briefly examplae or conoiderationn for 
the methods llstod. ,' , . 

ISOIATION OF PROCESS . . . 

The value of tho materials, ae w&L 88 their toxicit), required that special 
effort be made to utilize tightly Incloned equipent, euch aB elevators, con- 
veyoro, blendera, batch dumping cquipmcnt. Theoretically them can be maintained 
dust-tlgh:, but actually poor maintenance muet always bo preawned. Wre there 
IS any po~aiblllty of dusting out, local exhaust ventilation must be applied to 
the inclo6ure. In fairly tight eyfstermrr there arioo the problem of air quantities 
and the mintaWing of convoying velocltie5 for duet Men air under varying clr- 
cumotances. A diocuosion of theee mattor6 la given under EXHAUST VE~LATION 
bolau. 

The major point to be empkaoized in thlo connection ie the importance of 
keeping process materials within the procoeo stream and thoroby minimizing the 
health and econmLic problomo of r~ha.ndJ.ir,~ n that portion colloctod aa duet. 

An example of a procooo not amondblo to control by clouo3;r applied cwor or 
cxhauot ventiLntlon wau the woigh.Lng and dohoading of druma of pltchblendo. 
ThDoo oI;orationo had to bo walled off bpcauoo of gnmn~ radioactivity, and tic&- 
dence of radon and duot. For protection of pplant omployooo thooa oporatione 
were ootabllahod in a cloood vontllutod room utilizing romotoly oporatod oquip- 
mmt. It was oxysdlont further to loolute thr, -rator in a concrete walled 
roam that projoctod into tho procooolng area. Tho concrete wnlle and a load 
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glaoo'xindow provido3 for hio cauploto protection. 

The hmdling of hydrogen fluorido IO obviouuly a dAn&orouo oporntion, and 
vhoro It wao nocoooary to do oo lndooro, the bulk of tho oqulpmont wan ioolatod 

in 8 walled off area' of the building, providod with contlnuouo oupply and ox- 
houot vontilntion at about flftoon air 'changoo per hour. Emorgoncy vontllntion 
fma wore furnlohod that would move up to about olxty air c-00 per hour and 
'thood were llnkod olectricnlly with automatic dmporo in tho exterior wnll~ 
which would open whon the fcmo operatod, inourlng adequate Inflow of air to the 
space. 

EXB'NST VF3TIL4TION 

Roth local and gonoral etiust vontllatlon were employed wherever needed 
throughout the project. 

Duet control claimed the major portion of all the deolgn work done on tb.e 
industrial health aspecte, embracing EL variety of procesooo In 8everalbuildinga. 
Self-balancing oysterno wore denignod ouch thnt at tho deelrod rateo of flow ths 
total pre6aureu at main and branch junction point6 were c.alcuZcted to be identi- 
cal. 

It 1s not lzfroquontly the caao on conotructlon contracts, and thin wao no 
exception, that dust collcctlng and other air handling equipment must be ordered 
very early in the deoign period to Insure delivery on time. This meant efAimat- 
lng collecting requirementa before the procea8 equlment waB fully known. Then, 
after proceoA deei@;n was firm, however c&ngod, ltmeantrec.al.culatingthelocal 
exhaust nystono to (1) give the desired control, (2) be oolf-cieanlng, (3) be 
self-balancing, and (4) b e adaptable to the collector8 bought. Heat loeoee ln 
ame bulltinge were only a fraction of tho heat required for replacing ventilat- 
ing air, 80 that the procurement and adequacy of supplied air heatera and blogern 
were directly affected by the early eotimates. Succceoful a~compl..lshrL3nt of this 
type of work noceseitatee opocialiste of coneiderable experience and jud.@ent. 

The handling of hot corrofsive dust Laden gaeB, eonetimes accompanied by 
water vapor, required alloy ductwork and collectors ae well BB judicious cooling 
by water jacketing of ductwork ln eomo infstancoo or Introduction of dilution air. 

Air quantltieB for locai oxhnuot ventilation we& determined by the needed 
inflow through actual end anticipated openings to pre+ent contaminant from get- 
ting out. Volumeo and entrance loooou for the unuounl tgpoe of hooting were 
readily determined, but, for tightly cloBod voaools recoiv~ dry matorlala, 
venting for egroao or ingreso of air bad to bo provided, and for reaeonabb 
tight eyetern ooze provloiono had to bo n?ade for inopoctlon port8 which might be 
left.open or panelo not tight. Throe mea+*reo'wore employod. 

1. Where a veaool was perfectly tight and wa8 to fill or empty at a steady 
rate, a breather bag of large size wao suspended vertically, the top end clooed 
and the lower end tied over a short vent pip'3 on the veeeel. Uoually a duBt col- 
lector bag WOO wed. A woathcr cover was furniohod-on outdoor inotallntlono. 
No oxhauet vontiLatlon was applied. 

2. For tight weigh veoeols, not tolerating n broathor bag, a conical or 
bell-ohapcd oxhtiuet aythxn inlet was located over and around the top of the vont, 
but not touching it. Thie lc an adaptation of the fomillar draft divortor stack 
connection uaod on domootic guo furnacoo. The roquirod velocity of air for duet 
carrying io maintained in thu oxhauo't branch without phyolcal connoctlon or un- 
duo draft on tho voooel, yot any eocaplng duot Is captured. Volume and velocity 
of the oxhauot air muot bo udoquate for any oxpoctod eurgoo when fllXng the 
voooel. 
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3. For fixed v~ooolo or rcaoonllbly tlght3y oncloood.oyotomo a rigid duct 
connection uno mndo. A port wao cut Jnto the oido of tho duct cl000 to the con- 
noction &nd a oliding sloovo inotallod to porm.i.t covering ao much of tho port ae 
nocooomy for control. ThiD dovico pormito application of draft to the vooool 
or oyotom exactly CLD noodod and allowo ouf?iciont by-pnoo air through tho port 
to maInt,ain carrying velocity. 

Powered roof vontilatora wore widely omployod for gonoral ventilation for 
the removal of hoatod air gonorated by procooo or oummer oun, A fivo dogro-e 3 
'tomporuturo rioo over ambient WLLEJ uoually taken aa permioeiblo for calculating 
volumoe to bo removed. (Mak o-up air wao not providod for hoat removal etiuot). 

An exhauot syotom of 8ome intereot wae that provided in ~1. pitchblondo thaw- 
houso for‘removal of radon. A thawhouoe ia a neceoelty In winter for trectment 
of frozen drumf3 of ore prior to procoeeing. Enormouo quantitieo of heated air 
would be neodod for the combined requirements of radon removal and thawing under 
ordinory clrcumatanceo. Using the leolstion principal, the thawhoueo wao made 
up 06 a tight box, the drums of pit&blend8 traversing it on powered conveyors 
between stem heatod plate coila. Inlet and outlet door8 were self-closing, 
counter balanced, open only for introducing or releaeing druma. An exhnuoter, 
discharging to a high etack, wae made to operate continuouely. It could draw 
little air except when a thawhouoe inlet or outlet door was opened, and even then 

. it wa8 dampored to about half capacity. Should acccBB by pereonnelbe necessary 
either or both of two large purge door8 in the oldes,of the thawhouee could be 
opened, whereupon the cxhaueter damper would automatically open wide and the 
chamber would be purged of the heated, highly radon-contaminated gases. Blocking 
open the end doors would ha&en the purging; Following the emergency, shutting 
the purge doore cause the fan to be damBred as before. (Of course the radiation 
hazard ie serioue in thie buildFng 80 that operatore having to enter can etay 
0llljl n very limited time.) 

For complotenesn, it ie well to mention that a piercing device we.8 placed et 
each inlet door for perforating heads of drums prior to their introduction. By 
this mean8 any dangerous steam preeeure buildup In the drume during thawing wa8 
averted. 

. I 
FILTRATION OF SOLIDS 8. 

The choice of air filtration equipm8nt for uranium dust tid aosociated ma- 
teriale was the revcrae jet suependod bag-type collector. Coat, adequacy of 
filtrstion, commercial availability, practicability for maintenance, and 8ucce86- 
ful experience in eimilar opzratione wore all important conolderations. Althozgh 
not subjected to the heavy lcadingo for which-thie type collector was dcoigned It 
hod been found to give better than 99 per cent recovery at fractional grain load- 
ingo of comparable duet. An optimum filtration rate of 10 to 11 cfm par square 
foot of filter cloth WBE determined on 6.n efficiency - horoo-power - mnintecance 
baeia; 15 cfm per square foot was the design maximum. The bage employed were a 
special reein treated wool felt, and ranged from 9 to 18 inchoo in dian;etcr, do- 
pending on the vendor. Their top operating tomporature wau limited to 180%. 
Recently, calendared orlon bago have become avail.XblG and aome were furniohed to 
the project on an exporimentolbaoio. 

high temporaturb 
Theoe chow much promise in regard to pcid 

and elk&i reoiatance, (2750r;l.) and wear. 
Fixed vacuuin cloanor oyotomo wore eetabliohod for cleanup work, and In oome 

lnotnncoo to provlda or oupplomont local oxhnuot ventilation. Tho effluent air 
from thooo, hnviag boon filtered in cotton bago, IA diroctod to rovorce jet bag- 
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typo colloctoro for clotmup. The vncuum clonnor t,yutomo in mntly inotartcoo ~100 
provide duot collocLor unlondin~ facilitico. 'Thooo colloctoro oo oorvod (11'0 
fittod nt bottom of hoppcro with a unique wind-owopt valve connoctocl to tho 
vacuum oyotom. All duet cnu~~t in ocvorul colloctoro can bo trmoportod to ono 
locality whore tho mntorinl can bo placbd In drums and roturnod to procooo. 
Duet colloctoro woro thoroughly inotrumontod. Each otack iS monitored by a 
photdolectric hue dotoctor with alarm to warn of loakin& or brokon bogo, To 
reduce wear on bago and to nlrrintnin a high filtration efficiency, blowring opr- 
stlon 10 controlled by dlfferontinl preaouro acrooa tho bqo, uoually boing 
placed in ogoration at four inchoo wator gage and cuttine off at two inchoo 
uater GA@. Each collector hao a low difforentinl prooouro alarm, normally oot 
at ono Inch water gage. Thie dovico also dotocts broken bags. 

Wet collectors wore epecified for handUng otoamy duets air, utilizing the 
principle of paoojng air around nn underwater baffle. Provleion wao made for 

1 fiborglaos after-filtcra, should they bo roquirod. Electrostatic mifst collector8 
were provided for handling uranium bearing oil mi& from machining operation8, 
the cleaned nir being returned to the room. 

in building8 having exhauet ventilation the provision of make-up air io m 
important factor In the control of toxic duets or gases. It is often overlooked. 
Where txnall volume8 are withdrawn infiltration may be adequate, but it lo alw8~s 
well to investigate. To prevent rooms or builiiinga becoming airbound and to Fn- 
sure the unimpaired functioning of hoode and inclosures connected to exhaust 
Bystems, make-up air was carefuUy difstributed, tempered ais needed, in amount 
equal to or slightly greater thn.n that withdrawn. In most inetance8 it wao 
further heated to take care of the winter heating requirements of the building. 
To conBo17re steam the large make-up air unit8 were automatically dampered to 
recirculate room air when exhaust ventilation ayatom were ehut da%. Each such 
supplied air unit conoiste of a etandard'steam coil and blower set suppleclanted 
by a moving frame automatic oil-type air filter and by a dampr set and controls 
that permit outdoor air for make-up and recirculated,air for the remainder. The 
filter protecte tho heating coil8 and keopB dirt out pf the distribution oystesl. 
The oil in the filter 18 ltoelf' cleaned by pumping it through a replaceable 
cartridge filter similar to that In an automobile oil system. 

Supplied air dlatribution By&em followed the uauel AXWE prectlce. Staln- 
leee eteel and protective-coated steel had to be provided in corrosive areaa. 
Certain recirculating sir heating coil8 wore Protected by a baked-on protective 
Coat lng . * 

Tho h.xidli.ng of tho reject ~;nn.gm matori& with which the radium loaveo 
the procooo otrc& offered a potential hazard a8 (1) ratioactive duet, (2) a 
source of direct ~AZZUL radiation, and (3) a oourcu of radon gao. cchdytic '6 
proceoo onginooring group worked out a oyatom ouch that tho,mflterial lo novcr 
handled in dry form. Follawing digootion of tho ore, tho ineolubloo ore filtered 
and waohod and tho wot filter cake is ropulpod -dint&y. Tho reoultant plurry, 
carrying tho radium, is pum,pod to Lcrgo covered concrote otorage txxnko located 
wall away from tho oporationo urea. Thct eolid~ Bottle out in thooo tanke and tho 
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clear docant liquor is rocyclod for uoo ugain ao the ropulping medium. The fil- . 
tration io dono in vontilatod roomo behind barrier walln. 

Roforonco was mado ourlior to the uao or fixod vacuum cleaning ayotomo for 
cleanup of dry matorinlo. For wet apillu o~np ayotcmo wcro providod into which 
tho floor and platform waohingo can bo dix'octcd. Sump contonto aro subocquontly 
introduced into tho PrOCODD stream in wet form. * 

.SPECIAL PROBLEMS 

There were many unusual problems. One whcrrein procoosing and health were 
equally demanding involved the ventilation of a rotary pitchblende.dryer. As 
much ao five per cent of the charge could be carried over in the off-gaoes, 
which were to be in the vicinity of 400°F., undoubtedly loo', or more, higher at 
.-times. Bag filtration wa6 the method of choice, but bag allowable temporature 
was limited at the time to 180oF. To cool the gnoes a heat exchanger was pro- 
cured, having a water tube bundle euspended in an insulated shell through which 
the gaoes should pans. To prevent condensation on the tubes (gaseo could have 
a8 high aa 130°F. dew point) and to minimize dust adherence to cold surface6 a 
recycling oyetem for the cooling water was designed to maintain its entrance 
temperature at about lOOoF. (A higher temperature gave too little opread for 
cooling.) To relieve the cooler of the great burden of dust a multi-cyclone wa6 
provided ahead of the cooler. Both cyclone and cooler were equipped with rotary 
feeder6 continually discharging the accumulated dust to a procese conveyor. 
Finally, the riser from dryor to multi-cyclone was made aa large a0 practicable 
to reduce the velocity and the carryover (about 1400 fpm was the lowest attaia- 
able). Such a system ie more ccmplex than desirable, but with attention will 
pay for itself in values saved many time6 over. 

TESTING , 

All heating and ventilating and vacuum cleaning systems were subject to 
rigid performance testing by the construction contractor prior to turnover to 
the opcret ing contractor. Catalytic specifications covered air quantities, 
balancing, permis6able instrument6 for testing and xriethds of conducting tests, 
a8 well a8 workmanship and furnishing of specified materials and equipment. 
Very generally i-15 to -5 per cent of design rating was allowable for dust col- 
lector syatema, with a 2 10 per cent for balancing. Supplied air systems, being 
less complex and being balanced by damporing, were required to be balanced to 
2 2porcent. 

In conclusion it is worth noting that the work done on thie project on 
heating and ventilating and dust control occupied the efforts of 01x engineera 
for l-1/2 to 2 years and ro6ulted in inetallations in these catogorioo approxi- 

do mating f3oino .+ m illion, inetallod cost, or about 2-l/Z$ of total project coot. 
In the six major plant6 - Ore Refining, Green Salt, Metals, Metal8 Fabrica- 

tion, Sampling, and‘scrap - thoro are 34 duot collector6 and 34 fixed vacuum 
cleaner6 , plu6 certain auxiliWJ continuous exhauatero, omorgoncy exhau6ter0, 
and requinite make-up air hontero. Based on procured equipment only (not in- 
cluding piping, ductwork, conduit or any inotallation coote) all nuch boating 
and ventilating equlpmont reprooentod about 4 per cent of the total proceoo 
equipment cost for these plants. The variation wao 2-l/2$ to lC$. Horooy-typo 
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collectoro rangod In aizo from 600 cfm (at oquipmont coot of $3 to $6 por cubic 
foot dopondlng on.dooign and uao of etolnloaa atool) to 15,000 cfm (at $0.95 to 
$1.35 por cubic foot). 

Acknowlodgxont lo mudo of tho conoidorablo ODO~D~CUICCI afforded by Mr. W. B. 
Harrla and hla staff of the Hoolth and Safoty Laboratory, Now York Oporationo 
Office, AECj aleo that rocolvod from Moooro. K. J. CapLanandMontC.Mnoan of 
Malllnckrodt Chomlcal Worka, St. Loulo, and from Mr. R. C, Boathortnn and 
Joso@ Qtighy, M. D., ti National Und Co. of Ohio, Cincinnati. 
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